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Flowering is a fundamental process in plant development. The transition of 
flowering, the first step in flower development, is triggered by a number of 
environmental and endogenous signals. A variety of genes combined with 
external and internal cues are involved in a series of biochemical and 
physiological changes leading to floral induction. The commercial importance of 
oil palm is dependent on its fruit production. Hence, flowering plays a key role in 
the oil palm production as the flower is an important introductory step to fruit 
formation. This study was conducted to isolate sufficiently large numbers of 
expressed sequence tags (ESTs) from floral tissue in order to obtain gene 
expression information on a genome wide scale. In addition, EST also provides 
a valuable resource of candidate genes that can be selected for further study. A 
random EST approach may result in the isolation of clones representing highly 
repeated transcripts in the floral tissue whereas low abundance transcripts may 
be absent. Hence, a cold plaque screening technique was employed in this 
study to reduce the prevalence of highly abundant transcripts as well as to 
facilitate isolation of low abundance transcripts. In plants, many low abundance 
genes encode transcription factors or proteins that are involved in signal 
transduction. A total of 1300 clones were isolated through cold plaque 
screening. Ninety-six percent of the ESTs showed homology to known 
sequences in the database. The remaining 4% showed no matches with 
anything in the database, indicating that these genes are plant-specific. 
Sequence analysis revealed that a large proportion of the ESTs (about 26%) 
encoded unknown proteins with no known functional definition in the database. 
The remaining ESTs were further classified into 12 groups according to their 
encoded putative functions. MADS-box genes are known to be important for the 
development of flowers and fruit. Two MADS-box cDNAS, 8-3 and 9-32, were 
cloned from oil palm flowers. Both 8-3 and 9-32 showed high sequence 
similarities to API-like MADS-box protein of rice and SEP3 from Arabidopsis 
respectively. Clone 8-3 was expressed predominantly in the bract, spikelet 
primordia and the inner two whorls of the floral primordium. The second gene, 9- 
32, was expressed in flower primordia and the inner three whorls of the floral 
primordium. The gene expression patterns suggest that these genes have a role 
in regulating oil palm flower development. Oil palm is a monoecius plant that 
produces unisexual flowers by suppression of the development of either male or 
female organs in a particular whorl. Clone 9-32, which is expressed in the early 
stage of flowering has a different expression profile in male and female flowers. 
The onset of 9-32 expression in the male flower is much later than in the female 
flower, indicating that it may be involved in sex differentiation in oil palm flowers. 
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Pembungaan adalah suatu proses yang fundamental dalam perkembangan 
tumbuhan. Perali han kepada pembungaan merupakan langkah pertama di 
dalam perkembangan bunga, dicetuskan oleh sebilangan isyarat dari 
persekitaran dan endogen. Pelbagai gen yang diperkombinasikan dengan 
isyarat luaran dan dalaman terlibat di dalam suatu siri perubahan biokimia dan 
fisiologi yang menuju kepada induksi floral. Kepentingan komersial kelapa sawit 
adalah bergantung kepada penghasilan buah. Oleh itu, pembungaan 
memainkan peranan yang penting di dalam pengeluaran kelapa sawit kerana 
bunga adalah langkah pertama bagi penghasilan buah. Kajian ini dijalankan 
untuk mengasingkan sejumlah tag jujukan terekspres yang secukupnya dari tisu 
floral untuk memperolehi maklumat pengekspresan gen dalam skala-luas 
genomik. Tambahan pula, tag jujukan terekspres juga menyediakan sumber 
yang berharga bagi memperbolehkan calon gen dipilih untuk kajian seterusnya. 
Kaedah tag jujukan terekspres secara rawakmembolehkan pemencilan klon 
yang memperihalkan kehadiran pengulangan klon-klon yang tinggi di dalam tisu 
floral manakala kelebaran transkripsi yang rendah mungkin tidak hadir. Oleh itu, 
kaedah penyaringan plak sejuk digunakan dalam kajian ini untuk 
mengurangkan kelaziman kelebaran transkripsi tinggi di samping memudahkan 
pemencilan kelebaran transkripsi rendah. Dalam tumbuhan, kebanyakan gen 
berkelebaran rendah mengekodkan factor-faktor transkripsi atau protein yang 
terlibat dalam isyarat transduksi. Sejumlah 1300 klon telah dipencilkan melalui 
penyaringan plak sejuk. Sembilan puluh enam peratus daripada tag jujukan 
terekspres menunjukkan homologi kepada jujukan yang tersimpan di dalam 
pangkalan data. Baki 4% menunjukkan tiada padanan di dalam pangkalan data, 
menunjukkan gen-gen tersebut adalah spesifik kepada tumbuhan. 
Penganalisaan jujukan memperlihatkan sebahagian besar tag jujukan 
terekspres (hampir 26%) mengekodkan protein yang tidak mempunyai definisi 
fungsi yang diketahui di dalam pangkalan data. Lebihan tag jujukan terekspres 
seterusnya diklasifikasikan kepada 12 kumpulan selaras dengan pengekodan 
funsi yang diramalkan. Pengetahuan mengenai kepentingan gen berkotak 
MADS dalam perkembangan bunga dan buah telah diperakui. Dua cDNA 
berkotak MADS, 8-3 dan 9-32, telah diklonkan. Kedua-dua 8-3 dan 9-32 
masing-masing menunjukkan persamaan jujukan yang tinggi kepada protein 
berkotak MADS AP7 dari padi dan SEP3 dari Arabidopsis. Klon 8-3 diekspres di 
'bract', primordia 'spikelet' dan lengkaran dua luaran primordium floral. Gen 
yang kedua, klon 9-32, diekspres di primordia bunga dan lengkaran tiga 
dalaman primordium floral. Corak pengekspresan gen mencadangkan bahawa 
kedua-dua gen tersebut memainkan peranan dalam pengawalan 
perkembangan bunga kelapa sawit. Kelapa sawit merupakan tumbuhan 
monoecius yang menghasilkan bunga uniseksual melalui penindasan 
perkembangan salah satu organ pembiakan samada jantan atau betina di 
dalam lengkaran yang khusus. Klon 9-32 yang diekspres pada peringkat awal 
pembungaan, mempunyai profil pengekspresan yang berbeza di dalam bunga 
jantan dan betina. Titik permulaan pengekspresan 9-32 di dalam bunga jantan 
adalah lebih lambat berbanding dengan bunga betina, menunjukkan 9-32 
mungkin terlibat dalam perbezaan jantina di dalam bunga kelapa sawit. 
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CHAPTER 1 
INTRODUCTION 
Flower development is a key process for all angiosperms. Although the 
flowering responses are very diverse in different species, it can be classified into 
two general phases: vegetative and reproductive. The transition to flowering, the 
first step in flower development, is triggered by a number of environmental and 
endogenous signals that gives rise to the transformation of the vegetative shoot 
apical meristem into an inflorescence meristem that in turn initiates floral 
meristems laterally in a spiral pattern. These flower meristems produce organ 
primordia in a whorled arrangement, which subsequently differentiate into 
numerous distinct cell types. After the maturation of the flower, fertilization of the 
ovules leads to fruit development and the production of seeds, closing the 
reproductive cycle. 
Throughout their life cycle, plants and plant cells continually respond to signals 
that they use to alter their physiology, morphology and development. The 
specification of plant development involves a network of interacting genes, 
which are composed of mainly transcription factors. Transcription factor genes 
comprise a substantial fraction of all eukaryotic genomes and the majority can 
be grouped into a handful of different, often large gene families according to the 
type of DNA binding domain that they encode (Riechmann and Ratcliffe, 2000). 
Transcription factors can be viewed as molecular switches that link signal 
transduction pathways to gene expression. 
The establishment of meristem identity, floral organ identity and, to an extent, 
cell identity have been shown to require the combinatorial activity of members of 
the MADS-box gene family, acting in a series of networks involving other 
transcription factors. MADS-box genes are numerous in plants and they control 
many aspects of plant development, most notably flower development. Besides 
that, MADS-box genes also play important roles in controlling flowering time, 
leaf production and, ovule, fruit and root development (Levy and Dean, 1998; 
Mandel and Yanofsky, 1998). 
Flowers and fruits are an integral part of seed production. The economic value 
of oil palm is much dependent on its production of fruits, which gives rise to oil. 
Furthermore, in the years to come, the demand for palm oil is expected to 
increase. In order to fulfil the increasing demand for palm oil, an improvement in 
yield is required. Hence, flowering and fruiting habits of the oil palm are 
important. Nevertheless, the occurrence of floral abnormalities such as mantling 
and andromorphic male inflorescences had reduced the ability to increase yield 
of oil palm through use of clonal plantings. The inadequate number of fertile 
fruits to sustain bunch development results in total bunch failure and loss of 
yield (Rao and Donough, 1990). The androgynous inflorescence is similar to an 
Arabidopsis mutant with a loss of B function. 
The expressed sequence tag (EST) approach is an efficient way of obtaining 
vast amounts of gene resources and has revolutionized the way of obtaining 
functional genes from many organisms. It has provided an invaluable resource 
for the analysis of gene expression, and is also seen as an inexpensive and 
rapid means to identify large numbers of expressed genes from various 
developmental stages. 
The random EST approach relies essentially on stochastic sampling of 
transcripts which is strongly biased by expression level. Highly expressed genes 
are often over represented in EST sets, whereas genes expressed at low levels 
may be absent. Low abundance genes have been shown to encode 
transcription factors, signal transduction components and membrane receptors, 
that play key roles in establishing structures, patterns and regulating 
developmental processes. Hence, cold plaque screening was employed to 
reduce the prevalence of highly abundance genes and enhance the chances to 
isolate low abundance genes. 
The objectives of my study are I) to isolate and characterize low abundance 
clones from oil palm floral cDNA library, II) to isolate and characterize MADS 
box genes known to be involved in flower initiation and Ill) to study the role 
played by these MADS box genes in flower development. 
Plant MADS-box genes control diverse aspects of plant development. Hence, 
the identification and isolation of MADS box genes have open up avenues for 
the study of vital processes involved in flower formation in oil palm. The 
understanding of the role played by these MADS box genes in normal and 
abnormal development of oil palm flowers would enable the manipulation of 
floral architecture as well as the directed improvement of floral and fruit 
development in oil palm to be realized. 
